During the past several years, more and more electric utilities have prepared longterm resource plans that integrate demand-side programs into the utility's mix of energy and capacity resources. Several organizations have enumerated the states with laws or regulations requiring utilities to prepare such plans. But no one has yet reviewed enough plans to assess utility progress in integrated-resource planning and to develop criteria for a good plan. This report suggests guidelines for the preparation and review of utility reports on their resource plans.
We reviewed more than 30 resource plans and related documents from electric utilities and government agencies. Guidelines in the form of a checklist were developed on the basis of these reviews. This checklist (summarized in Table S-l) should help statt in public utility commissions who review the utility reports and utility staff who prepare such planning reports.
Four broad topics are covered in the checklist (and in the body of this report):
• The clarity with which the contents of the plan, the procedures used to produce it, and the expected outcomes are presented;
• The technical competence (including the computer models and supporting data and analysis) with which the plan was produced;
• The adequacy and detail of the short-term action plan; and
• The extent to which the interests of various stakeholders are addressed.
Utilities should carefully prepare and present their resource plans because the plans are so important, both to the utility and to the public. The plan encourages interdepartmental cooperation and understanding within the utility. It develops a shared view of the utility's vision of the future and how the utility plans to meet the energy needs of that future. The plan also explains the rationale for the utility's proposed actions.
The plan is useful to regulatory commissions and the public because it presents the utility s short-and long-term plans to provide electric-energy-services.
Some of the utility reports do not present the company's resource plan, a clear statement of what resources will be acquired to meet future energy-service needs. Although these reports contain much useful information, the failure to consolidate this information and commit the utility to acourse of action renders these reports incomplete.
Because integrated resource planning is a new process, the suggestions offered here will evolve. Also, most of the plans we reviewed did not meet all the criteria on our checklist. To some extent, the checklist presents objectives that utilities should strive to meet in preparing future resource plans.
Table S-l. Checklist for a good integrated resource plan
Clarity of plan -adequately inform various groups about future electricity resource needs resource alternatives, and the utility's preferred strategy plans, often in response to requirements from state public utility commissions (PUCs). These plans inform regulators and customers about the utility's analyses of future demands for electricity, alternative ways to meet customer energy-service needs, and the utility's preferred mix of energy and capacity resources to meet those needs. The plan is an opportunity for the utility to share its vision of the future with the public and to explain its plan to implement this vision.
The integrated resource plan also serves important functions within a utility.
Preparation of the plan encourages cooperation and communication among several departments within the utility. The resource-planning process helps the utility to develop and communicate internally its plan to provide electric-energy resources for the future.
PUC requirements provide one yardstick with which to judge these plans. However, the "data list or cookbook approach" (Schweitzer 1981) sometimes prescribed by PUCs is not sufficient to assess whether these plans enhance utility decisions on resource acquisitions or whether they adequately inform the public. Amore analytical approach is needed to help utility planners and PUC staff.
Ideally, utility plans should be assessed on the basis of the utility's resourceacquisition activities. But integrated resource planning (IRP) is so new that insufficient implementation has as yet resulted from these plans. Currently, utility plans can be assessed only on the basis of their planning reports.
PURPOSE OF THIS REPORT
This report discusses guidelines for long-term resource plans, based on the written reports only. The word plan refers to both the program worked out beforehand to accomplish a goal and the report that describes the plan. The particular meaning should be clear from the context.
The purpose of these guidelines is to assist PUC staff who review utility plans and utility staff who prepare such plans. These guidelines were developed at Oak Ridge National Laboratory with contributions from Lawrence Berkeley Laboratory. They are based on discussions with staff in utilities and PUCs and on reviews of formal plans and related planning documents prepared by more than 30 utilities and government agencies ( Fig. 1 The utilities and state agencies from which these plans were obtained are in our view, the nation's leaders in LRP. Mitchell and Wellinghoff (1989) adopted an LCUP regulatory framework but not yet having implemented the framework are represented within the plans we have; Iowa, Maryland, and New Hampshire are missing from our plans.) Donovan and Germer (1989) reviewed the "latest practical planning methodologies." Eight of the ten utilities included in their review are in our sample also.
A companion document (Schweitzer et al. 1990 ) focuses on the processes utilities use to prepare useful integrated resource plans. Schweitzer et al. discuss key factors, such as consideration of inputs from a variety of sources and balance between short-and longterm interests, that affect a utility's ability to prepare a valuable resource plan. Although the two reports cover similar material, Schweitzer et al. focus primarily on how to prepare a resource plan and this report focuses on what such a plan should include.
The "goodness" of a plan can be judged by at least four criteria:
•
The clarity with which the resource plan, the procedures used to produce it, and the expected outcomes are presented;
• PRIVATE UTILITY o PUBLIC UTILITY
• GOVERNMENT AGENCY
Fig. 1. States from which resource plans and planning documents were obtained.
These criteria (shown in Many of the plans recently completed by utilities do not meet fully the guidelines suggested here. This is not surprising because most utilities are preparing such plans for the first time; later plans are likely to be much improved.
The criteria listed in Table 2 (discussed in the following chapters) apply more to large utilities than to small utilities, and more to utilities facing immediate decisions concerning future resource acquisition than to those with no immediate decisions. Because the criteria are detailed and comprehensive, utilities should not be asked to produce planning reports more than once every two or three years. However, plans should be revised when key assumptions change that affect future decisions.
How well a plan does on each of these criteria depends on the audience. At least three broad groups can be considered as legitimate stakeholders: utility shareholders and bondholders; customers and public interest groups; and regulators (representing societal interests).
For several reasons, this report focuses more on demand-side management (DSM) resources than on supply resources. First, many utilities remain uninterested in, and skeptical about, DSM programs. For example, the latest forecast from the North American Electric Reliability Council (1989) essentially ignored utility energy-efficiency programs and makes the following comments about utility load-management programs:
There is substantial uncertainty as to how much peak demand reduction will be realized at the particular time when load management is needed and implemented. Another major concern is that customers, who initially participate in load management programs because of the financial incentives, may decide, once the electric supply to their equipment has actually been interrupted a number of times, that the inconvenience of the interruption outweighs the cost savings and withdraw from the programs.
... there are also certain drawbacks and uncertainties associated with dependence upon load management ... There is also substantial uncertainty as to how much actual demand reduction will be realized at the particular time it is needed. Second, utilities have decades of experience with the construction and operation of power plants but only a few years of experience with DSM programs. Therefore, more attention is needed on the demand side to improve our understanding of how these programs work and their benefits for utilities and customers. Second, the U.S. Department of Energy Least-Cost Utility Planning program (the sponsor of this research) focuses on the demandside aspects of IRP because of the need for additional data on the cost and performance of DSM technologies and programs (Temple, Barker and Sloane 1986) . Although this report focuses on the utility's formal plan, recognize that the written plan is a snapshot of an ongoing, dynamic planning process. Indeed, the ensuing discussions deal with the process of plan preparation as well as the final product itself.
IRP includes the utility's departments and people, analytical methods, and data as well as inputs from customers, nonutility energy experts, and the PUC (Fig. 2) . The process is a blend of quantitative data and analysis, qualitative assessments, and judgments reflecting alternative points of view. The key elements of IRP are shown in Table 3 (Goldman Krause, and Hirst 1989) . IRP differs from traditional utility planning in that it (lj explicitly includes energy-efficiency and load-management programs as energy and capacity resources, (2) considers environmental and social factors as well as direct economic costs, (3) involves public participation, and (4) carefully analyzes the uncertainties and risks posed by different resource portfolios and by external factors. Cavanagh (1986) , , and the National Association of Regulatory Utility Commissioners (1988) describe various aspects of IRP. None of these authors, however, discusses standards against which to assess these long-term resource plans. 
CLARITY
The primary purpose of an IRP plan is to help utility executives decide which resources to acquire, what amounts to acquire, and when to acquire those resources. The planning report documents the utility's decisions, and helps the PUC and public to review and understand the basis for the utility's decisions. Thus, the report must be useful both within and outside the utility. The report provides a forum for the utility to present its vision of the future and how it plans to meet that future. The report provides utility data, assumptions, analyses, results, and plans to the public (including customers and regulators)
For this information to be useful, the report should be easily understood by different groups and should point the reader to further information as needed.
The utility's plan should be well-written and appropriately illustrated (with tables and figures) and roughly 100 pages long (Table 4 ). The writing style should be aimed at an audience of intelligent and interested people with modest technical backgrounds.
Preparing a document that serves the needs of different readers is difficult. Some utility plans are so detailed and complicated (e.g., filled with equations) that only the most technically sophisticated readers can understand what the plan contains. At the other end of the scale, some utilities publish short, glossy documents that present only limited information on the resource plan. The lack of detail frustrates readers interested in how the utility developed its preferred plan. One utility, while genuinely interested in resource planning produced only a short summary report; ample documentation existed within the utility, but only in the form of loose-leaf binders in the offices of planners and analysts.
Boston Edison (1988) and Seattle City Light (1987) dealt with these issues by preparing multi-volume plans. Boston Edison published a separate 12-page summary, which covered only the highlights of the plan. The company also issued three volumes: Integrated Planning Process, Energy and Peak Load Forecast, and Resource Plan. Together, these three volumes, which totalled several hundred pages, provide ample details on the data assumptions, methods, and analyses that support the results presented in the summary. Similarly, Seattle's plan included separate Executive Summary, Overview, and Analysis volumes plus technical documentation reports.
Customers, public interest groups, the media, and shareholders will probably require a simpler presentation with less technical language than will utility staff and regulators. The former groups may also want more emphasis on the overall plan than will the latter tiroups who are likely to be more concerned with the individual options selected. Different groups also may want different information on the expected outcomes. Customers, for instance, might be most interested in short-term rates, utility shareholders in return on investment, independent power producers in avoided energy and capacity costs, and regulators in the resources planned to meet customer needs durine the next 20
years. b
The report should discuss the objectives of the utility's planning process, explain the process used to produce the plan, present load forecasts (both peak and annual energy) compare ex.sting resources with future loads to identify the need for additional resources document the demand and supply resources considered, describe alternative resource portfolios, show the preferred long-term resource plan, and present the short-term actions to be taken in line with the long-term plan. The report should also explain the technical aspects of the planning process as described in Chapter 3.
While each utility will choose a format for its plan suitable to its needs, the structure shown in Table 4 might generally apply. Puget Sound Power & Light (1989) used a structure similar to this, producing a 70-page report plus six appendices. The appendices covered: (1) progress on the action plan developed in 1987, (2) detailed descriptions of planning scenarios, (3) demand-side alternatives, (4) supply alternatives, (5) recommendations from the company's consumer panels, and (6) membership in the company's technical advisory committee.
The report should include references to other company publications, to reports from other utilities, and to the relevant literature on forecasts, supply resources, and demand resources. This list will help interested readers examine certain issues in greater detail and will also demonstrate the utility's knowledge of what is happening at other utilities, commissions, the Electric Power Research Institute, national laboratories, universities, and consulting firms.
Because the information to be presented is detailed and complicated, utilities should find effective and visual ways to show results. New England Electric (1989), for example, presented the key results of their long-term plan in a compact fashion (Fig. 3) .
Important future decision points should be identified, and the use of monitoring procedures to provide input for those decisions should be explained. The most significant effects of choosing among the available options (in terms of capital and operating costs, resource availability, environmental effects, etc.) should be discussed. The report should also briefly describe the methods used to develop the plan, including uncertainty-analysis techniques. Finally, the plan should point the reader to more detailed documentation on each of the above topics. For example, Seattle City Light (1988) published a separate report that explains the structure of the computer models used to develop its resource plan. This report describes the utility's economic and demographic model, demand model, model of electricity prices from the Bonneville Power Administration, supply model, revenue requirements model, and cost allocation and rate design model. Placing this documentation in a separate report makes this information available to technical specialists without cluttering the utility's resource plan.
Finally, some planning documents do not present the company's resource plan, although they contain much interesting and useful information. These reports, therefore cannot be considered integrated-resource plans. For example, one utility report includes forecasts of future peak demands and annual electricity use and a resource plan showing additions and retirements. However, the report notes:
The reference case electric resource plan summarized below represents one of many possible scenarios which may develop in the future. It is not a commitment to a particular course of action.
Unfortunately, nowhere in the report does the utility indicate what actions it will take to meet future loads.
Another utility filed a four-volume report with its PUC in 1989. The report included many of the elements of an integrated resource plan: load forecasts for each customer class, existing and planned capacity additions, existing and proposed transmission facilities, and details on the company's DSM programs. This report is not a true integrated resource plan because it did not assess alternative mixes of supply and demand resources, did not subject these resource portfolios to uncertainty analysis, and included no public involvement. Thus, this four-volume report did not show how the company arrived at its preferred resource plan and how this plan compares to alternative plans. 
TECHNICAL COMPETENCE
The amount of information that must be processed to prepare integrated resource plans is daunting. Computer models are routinely used to manage these data for load forecasting; screening of demand and supply resources; and analysis of production costs, revenue requirements, electricity rates, and other financial parameters. These models are used to analyze a wide range of plausible futures (scenarios) and resource mixes (strategies) in developing the utility's preferred resource portfolio.
The models used to develop a plan should accurately simulate the processes under study and should use realistic assumptions to derive their results. The basic structure of the models, the data and assumptions on which they are based, how data passes from one model to another, and the inputs used in each model should be clearly explained in an appendix.
In the following sections, technical competence is discussed for load forecasts, demand-side resource screening and assessment, supply resource screening and assessment, integration of demand and supply resources into a comprehensive resource plan, and uncertainty analysis.
LOAD FORECASTS
Forecasts of annual electricity use and of peak demand (e.g., in GWh and MW) for each customer class should be presented, and the basis for each forecast should be clearly explained. A reference document (e.g., an appendix) should explain the forecasting methodology, input data sources, and historical performance of the forecasting models.
Because future conditions are inherently uncertain, a range of load forecasts is desirable.
Meaningful links between the annual energy and peak-load forecasts are needed.
Some utilities develop detailed energy forecasts, while the peak-load forecast is based on a simple model that is not coupled to annual energy use. This approach is not tenable unless the consistency of the two sets of models can be demonstrated. Serious consideration of DSM resources requires detailed analysis of both the energy and loadshape effects of these resources and of the consequences of these effects on the powersupply system. End-use forecasting approaches for both energy use and load shapes are needed to provide these details.
The utility should explain how the effects of projected changes in electricity price (outputs from resource integration) are fed back into the load-forecasting models. This feedback loop is especially important if the prices initially used as inputs to the load forecasts were quite different from those resulting from the resource-integration process.
The relationship between the forecasting process and forecasts on the one hand and the utility's DSM programs on the other hand needs to be clearly explained. In particular, it is essential to know whether (as well as how) the forecasts include the effects of demand-side activities. Such activities include the company's energy-efficiency and loadmanagement programs, government appliance-efficiency standards and building codes, other DSM programs, as well as changing fuel and electricity prices. Without quantification of existing DSM activities, it is impossible to establish a baseline for the acquisition of additional DSM resources.
End-use forecasts are desirable because they provide much more detailed estimates of future electricity use than do traditional econometric models. This detail is needed to assess the effects of past and current DSM programs and the likely effects of future programs. For example, new federal standards for refrigerators and freezers, issued in November 1989, will cut their average electricity use by more than 25%. Forecasting models that lack end-use details cannot account for such changes in future electricity use.
Also, the link between DSM potentials and load growth needs to be made explicit. In particular, the size of the conservation potential in new buildings increases with increasing economic and load growth (Ford and Geinzer 1988; Northwest Power Planning Council 1989a) . Dworkin (1989) discusses the role of end-use models in load forecasting:
... historical demand forecasts, which directly influence the timing and composition ofsupply requirements, are methodologically independent of the underlying structure of energy end-uses. Consequently, existing forecasting methods prevent utilities from explicitly linking the baseline consumption of buildings targeted for efficiency programs with future consumption projections.
The resulting gap between program planning and demand forecasting introduces considerable uncertainty in the integration of demand-side and supply-side resources. This risks double-counting savings from demand-side programs that are already included in demand forecasts; it also invites utilities to dismiss certain efficiency measures or programs on the unsubstantiated presumption that their forecasts incorporate savings from such measures.
The Northwest Power Planning Council (1989a) notes that forecasts play three important roles in resource planning, beyond estimation of future electricity demands:
First, forecasts of demand define the extent and nature of uncertainty that planners must face. Second, the level of demand is not independent of resource choices, but responds to the costs of resource choices to meet future demands. Finally, sophisticated demand models are needed to assess the potential impacts of choosing conservation programs as alternatives to building new generating resources.
The Council uses its demand models to produce three types of forecasts. The frozenefficiency forecast (top curve in Fig. 4) estimates electricity use under the assumption that no further improvements in energy efficiency will be made. The price-effects forecast (middle curve in Fig. 4) shows the effects of increasing electricity prices on electricity use. The difference between the price-effects forecast and the sales forecast (bottom curve in Fig. 4) represents the effects of utility programs.
DEMAND-SIDE RESOURCES
A broad range of demand-side resources (both energy efficiency and load management) should be considered to balance the traditional emphasis on utility-owned power plants. These programs should include all customer classes, all major end uses, and a variety of current and emerging technologies. (Some utilities also include any resource that reduces the need for company-owned generation in the category of demandside options. However, we recommend that purchased power and industrial cogeneration This portion of the report should begin with a review of the company's past and ongoing DSM programs. The discussion of each major program should include: program description, annual utility budgets, program participation rates, estimated energy and load effects (and the basis for these estimates), and analysis ofprogram cost-effectiveness. The estimated effects on electricity use should distinguish between net and total savings. New York State Electric and Gas, for example, conducted a commercial audit pilot program. The pilot tested two marketing approaches and three audit-pricing approaches (Fig. 5) . Different samples of customers were approached either through onsite personal visits from utility staff or by phone and mail. Different samples of these customers were offered free audits, a charge for the audit that was rebated if the customer adopted audit recommendations, or a charge for the audit with no rebate. Results of the pilot showed that participation rates were higher with personal contacts; in spite of the high cost of personal contacts, the cost per audit completed was much lower with personal contact than with the phone/mail approach (Xenergy 1989) .
The utility should then discuss new program possibilities, building on its existing programs and a comprehensive assessment of DSM resources in its service area. The results of such an assessment are summarized in conservation and load-management supply curves, which show the amount of resource available at various costs (in c/kWh and $/kW). Because much more is known about the residential sector than about the commercial and industrial sectors, special emphasis should be placed on collecting information on the DSM potentials in the latter sectors (Goldman and Kahn 1989) .
As part of its plan update, Wisconsin Electric Power (1989) reviewed energy audits of commercial and industrial facilities. These audits had been conducted as part of their DSM program, which began in 1987. These audits identified new conservation and loadmanagement opportunities that were unknown to the company at the time it had prepared its previous resource plan. By the year 2000, new programs intended to capture the additional DSM potential identified in these audits are expected to cut peak demand by 289 MW, in addition to the 167-MW reduction expected from existing programs (Fig. 6) . 
FREE FEE WITH REBATE FEE COST OF AUDIT TO PARTICIPANTS

Results of a commercial audit pilot program conducted by New York State Electric and Gas. The pilot tested the effects of marketing approach and audit cost on participation rates.
New programs can include modifications of existing programs (e.g., to gain more participation from existing target markets, to reach new market segments, or to change financial incentives) and initiation of new programs (new end uses, new technologies, or new market segments). DSM options (e.g., electric heat pumps, high-efficiency lighting systems and industrial cogeneration) should be combined into program designs because that is what the utility delivers to its customers. It is not enough to analyze the costs and electricity savings of high-efficiency lights and motors for commercial buildings. The combination of these measures and the utility's delivery system (e.g., marketing approach and audit cost) is what is relevant. The analysis should build on experience with current programs to develop estimates of administrative costs, program participation rates over time, and energy and load reductions. The utility should also review the experience of other utilities with similar programs.
Each DSM program should then be assessed using the economic tests developed by the California Commissions (1987) or equivalent tests. These tests assess the benefits and costs of DSM programs from the perspectives of participating customers, nonparticipating customers, the utility as whole, and society in general (Table 5) . Ihe plan should clearly state which tests are used, how they are used for resource screening and selection, and the sensitivity of the results to the input assumptions. Assumptions concerning program costs, participation rates, and changes in marginal energy and capacity costs are especially important. 
Reductions in summer peak demand caused by Wisconsin Electric's demandside programs. The company's 1989 plan update included additional savings in the commercial and industrial sectors based on energy audits the company had conducted during the previous two years.
• uxTchlsusteP should resuIt in the selection of a set of DSM packages (say four to eight). Each package would include several programs aimed at acommon objective The packages could differ by cost-effectiveness and by goal (e.g., cut summer peak vs improve overall energy efficiency). These aggregated program packages would then be used in the resource integration process. More than one implementation rate should be considered tor each package to allow program deployment to better match changing system needs.
The documentation for these DSM program packages should include information comparable to that provided for supply resources. Such information includes program participation goals program budgets, staff requirements, anticipated total and net energy and load-shape effects, and the expected lifetimes of these energy and load reductions The relationships between new and existing programs and the load forecast should be explained clearly. To the maximum extent possible, the results of program evaluations should be used to develop the estimates of performance for planned programs. Goldman and Kahn (1989) , in their review of DSM plans from New York utilities developed guidelines to assess the strengths and limitations of these plans Their guidelines covered the following topics: Economic assessment of DSM programs, and nrnfframs Commitment of utility staff and funding to assure development of DSM programs.
SUPPLY RESOURCES
The list of supply resources considered should be as complete as possible, including purchased powe Sm other utilities, facilities that qualify under the federal Public Utility ReguirowPPolicies Act, and other independent power producers), alternative energy fources (such as photovoltaics, wind, and geothermal), life extension and repowenng of existing plants, as well as utility construction of power plants. New or upgraded transmission facilities should be included also.
The data sources used to estimate construction times, construction costs, and operating costs should be listed in an appendix. The relationships between these assumptions bout future resources and the costs and performance of existing generating units should be specified. It is especially important to assess the possibility and consequences of higher-than-anticipated construction and operating costs caused by stricter environmental regulations and public opposition to construction of power plants and transmission lines. y p
The Public Utility Commission of Texas (1989) carefully assessed the potentials for co-and self-generation because this is a large resource in Texas. The total potential for industrial cogeneration mTexas, as of 1986, was 17,000 MW. The commission analyzed he costs of cogeneration as afunction of plant size and capacity factor and compared these costs with current and forecast industrial rates for different utilities. These results were summarized ,n supply curves for individual utilities, an example of which is shown Analysis of customer supply options, such as self-generation, needs to be consistent Reconfiguration of the transmission and distribution system. An example is reconfiguring distribution feeders to reduce the average distance and therefore losses between the substation and its loads.
Unfortunately, most utilities do not consider T&D improvements as a resource. Where he T&D system is discussed at all in an IRP report, it is usually in terms of expanding transmission lines to provide access to other sources of power outside the utility's service
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Green Mountain Power (1989) was unique also in its assessment of resources from independent power producers. The company issued arequest for proposals in May 1988 and received 24 proposals in July. The six most promising proposals, primarily for gas fired combustion turbines, were reviewed in the company' s 1989 resource plan The benefits and costs of diversity (in fuel mix, production technology, and powerplant ownership) should be assessed. In addition, the financial and regulatory risks of different resource-acquisition strategies should be considered.
The criteria used to screen supply resources and to select those for further analysis fin the integration phase) should be consistent with the criteria used for demand-side programs. Ldiscussed in the preceding section, these criteria should be defined explicitly and their sensitivity to key assumptions quantified.
INTEGRATION OF DEMAND AND SUPPLY RESOURCES
The selection of resource portfolios can be based on many different criteria (e.g., to minimize revenue requirements, capital costs, or average <*^^J™^™£ adequate reserve margins and the ability to meet high load growth; to ma ntain certorn financial ratios; or to reduce environmental effects of electricity production). The utility ho "d 1aly pecify what criteria it used in selecting individual resources and choosing among alternative resource mixes. For example, Carolina Power &Light (19891 used Table 6e>°e' T' 1 TCia'' ""**• and reIiabili* fac'°rs "«-*« -trcfportfolios (Table 6) , each a.tnbute was assigned anumerical weigh, used to rank alternative plans 0/^71^CTU,,a POWer * Ugh' to "^di£ferent combinations ot demand and supply resources Results for different combinations of supply and demand resources should be shown . ly-Southern California Edison (1989) began its process with a forecast tZ assumes no conservation or load management. V company Z Identified fou ahernative customer-service strategies; these paths emphasized energy conservation managed demand, energy productivity, and marketing. The company devetoped XraS =s^,he^^f rom 75, 000 t o 90, 000 GWh i n^t^TST^^vZ^^LZf' selected the energy productivity path as the preferred choice for the 2™^" among^ep£ &£s r^sssr,hen subjected , o -~-"ê xplicitly Table 7 .
Resource additions (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) The screening process and criteria have important effects on the final mix of resources chosen for integration. For example, Pacific Power & Light (1989) used an estimate of the cost of a coal plant (5.5 c/kWh) to screen DSM programs. After taking all DSM programs with a levelized cost less than this hurdle rate, supply resources were used to meet the remaining gap between projected demands and existing resources. This approach may bias resource selection decisions. In this case, if supply options were available at less than 5.5 c/kWh, too much demand resources would have been chosen.
On the other hand, if supply resources cost more than 5.5 c/kWh, then too few demand resources would have been chosen. The use of a hurdle rate makes practical sense, but uncritical use of such a factor can lead to biased results. A particular subtlety in this example is that the value of DSM resources diminishes as more of these resources are chosen because the reductions in demand reduce short-run marginal costs (i.e., the appropriate hurdle rate).
A related problem in the analysis of DSM programs is that, taken one at a time, they may not warrant adjustments to the utility's capacity-expansion plan. However, in aggregate, their effect may be large enough to defer or cancel some future power plants Kahn 1989 ).
The general issue underlying these observations is that utilities must use a rigorous analytical process that both integrates and incorporates feedbacks among different aspects of the planning problem. In this regard, the planning models used by Seattle City Light (1988) are noteworthy (Fig. 8) . The process links several detailed models into an integrated whole, which includes inputs of regional and local economic and demographic determinants of electricity use and wholesale electricity prices from the Bonneville Power Administration. Analyses of electricity demands, production costs, revenue requirements, and electricity prices proceed in an integrated and recursive fashion.
Duke Power (1989) begins its integration process by preparing a reference supplyonly resource plan. This plan is developed with a large capacity-expansion model that produces the least-cost mix of supply options to meet future load growth consistent with the existing mix of power plants. Duke then adds each candidate DSM program to the resource mix to assess its cost effectiveness relative to the optimized supply-only plan. Those DSM programs that are cost effective are then combined into various packages, and the packages are tested against the supply-only plan. The final plan includes those DSM programs that are more cost effective than the reference supply plan and those supply resources that were still cost effective after addition of the DSM programs.
Other utilities, including New England Electric, Puget Power, and Pacific Power & Light test various combinations of demand and supply alternatives in the search for a preferred mix of resources. Rather than begin with an optimized supply plan, they combine demand and supply options from the beginning. 
. Individual models and their integration used by Seattle City Light (1988).
Regardless of the type of models or particular approach used, it is not sufficient to treat demand as a subtraction from the load forecast and then analyze supply options only, as some utilities do (top part of Fig. 9 ). Subtracting DSM-program effects from the forecast and using the resultant "net" forecast for resource planning eliminates DSM programs from all integrating analysis. This approach makes it difficult to assess alternative combinations of DSM programs and supply resources and the uncertainties, risks, and risk-reduction benefits of DSM programs (e.g., small unit size and short lead time). Demand-side resources should be treated in a fashion that is both substantively and analytically consistent with the treatment of supply resources so that demand and supply resources compete head to head (bottom part of Fig. 9 ). The plan must show how the process integrates and coordinates key functions within the utility: load forecasting, DSM resources, supply resources, finances, rates, and the important feedbacks among these components (especially between rates and future loads).
If several models are linked together to integrate resources, data transfers are an important problem. Differences among the models will probably require simplification of data transfers and clear definitions of each data element to ensure consistency across models. Using several models, with sequential model runs and transfers of data among models, is time consuming and will reduce the number of computer runs that can be conducted.
During the past few years, several computer models, some of which run on microcomputers, have been developed that perform the integration shown in the bottom part of Fig. 9 . Examples include the Load Management Strategy Testing Model, Multiobjective Integrated Decision Analysis Model, Conservation Policy Analysis Model, and UPLAN; as examples, see Farber, Brusger, and Gerber (1988) , Ford and Geinzer (1988) , and USAM Center (1988) . While these models can facilitate the integration process, potential users should be aware of the limitations of these models. First, these models often do not replace the existing, stand-alone models used by the utility. Consequently, they must be benchmarked to the stand-alone models. Second, the ability of these integrated models to represent load-shapes often outstrips the available data, which creates a reliance on defaults whose relevance to the particular utility must be scrutinized. Third, deferred or cancelled power plants must be input to these models.
Fourth, although feedback effects are included in the integrated models, the treatment of electricity-price changes on future demands is often primitive. Typically, load forecasts are input to the integrated model from a stand-alone forecasting model.
Finally, the analysis must be carried out far enough into the future (e.g., at least 20 years) to capture the end effects associated with long-lived resources, such as coal plants and DSM programs aimed at new construction. The plan should explicitly recognize the time horizons required for different aspects of resource planning: 2 to 3 years for the action plan, 10 to 15 years for resource planning, and 20 to 30 years for analysis. A thorough analysis of a variety of plausible future conditions and the options available to deal with them is essential to a good plan. Such an analysis would use one or more of the following techniques: scenario analysis, sensitivity analysis, portfolio analysis, and probabilistic analysis (Table 8) . These techniques should be used to assess uncertainties about both the utility's external environment and factors at least partly under the utility's control.
Uncertainties about the external environment include economic growth, inflation rates, fossil-fuel prices, and regulation. As Shealy's (1989) discussion of oil prices showed, it is very difficult to forecast fuel prices accurately (Fig. 10) : "The predicted price [of crude oil] goes through a grand cycle, beginning around $10/barrel in 1977, rising steadily to a peak of $27/barrel in 1981, then declining to a minimum of $6/barrel in 1988." The consistent inability of forecasting organizations to predict accurately the trend of oil prices suggests the need for humility in estimation of future electricity demand, fuel prices, and other factors that affect the costs and amounts of resource acquisition. Therefore, the ranges (or distributions) of future values for these external factors should be quite broad. Source: Hirst and Schweitzer (1988) .
The uncertainty analysis should also consider uncertainties about the costs and performance of different demand and supply resources (Hirst and Schweitzer 1988 1964 1968 1972 1976 EIA FORECASTS FOR 1990 AND DATE OF FORECAST: 1980 1984 
Fig. 10. Comparison of actual crude oil prices and forecasts made by the Energy
Information Administration between 1977 (Shealy 1989 of DSM programs, power purchases, cogeneration, alternative schedules for plant maintenance, renewable resources, and improved operation of existing power plants. For each scenario, results were presented on the amounts of each resource acquired; utility operating revenues; average electricity prices; and emissions of sulfur dioxide, nitrogen oxides, and carbon dioxide. The company provided details on the results of its scenario analysis and showed results in a compact form (Fig. 11 ).
Pacific Gas and Electric (1988) presented results of its sensitivity analysis in a similarly graphic and effective fashion (Fig. 12) . The chart shows that the most important uncertainties affecting the price of electricity are load growth and oil prices.
While many utilities consider uncertainties about supply resources, few pay explicit attention to uncertainties about DSM programs (in part, because of the models that utilities use for such analyses; see Fig. 9 ). New England Electric (1989) conducted probability analyses as part of its IRP. Staff from various departments assessed the probabilities associated with the performance of the different demand and supply resources being considered. The purpose of this analysis was "to provide an estimate of how certain [New England Electric] can be that a given resource plan will meet future needs." The probabilities of meeting target conservation and load management MW reductions are shown in Fig. 13 . For example, DSM programs have an 80% chance of reducing peak demands by at least 400 Mw in 1995 and a 50% probability of cutting demands by at least 580 MW that year. The company selected as a planning goal an 80% probability that, in the first five years (i.e., through 1995), planned resources will meet or exceed projected requirements. This analysis was especially appealing because it combined scenario and probability analyses to develop useful results.
That some uncertainties are much more significant than others and that some can be influenced by the utility is often lost in the details of analysis. A reasoned treatment of the most important uncertainties that the utility can influence is far more valuable than an exhaustive treatment of all uncertainties with little regard for their importance.
Finally, the links between the results of these uncertainty analyses and the utility's resource-acquisition decisions must be demonstrated. The uncertainty analysis should demonstrate the robustness of the selected resource plan. The mix of resources selected should be able to withstand the shocks of different futures and should minimize the risks associated with various adverse outcomes (e.g., rapid increases in oil prices or a moratorium on nuclear power). 
PEAK DEMAND REDUCTIONS (MW)
600 400 -200 1989 1991 1993 1995 1997 Fig . 13 . Aprobability analysis of the performance of planned DSM programs to be run by New England Electric (1989) . Each curve shows the rriinimum amount of peak demand reduction expected for each year for a given confidence level.
SHORT-TERM ACTION PLAN
The utility's action plan is, in many ways, the "bottom line" of the resource plan.
Because it reflects the utility's commitment to specific actions, it may be the most important part of the plan. However, more than half of the plans reviewed did not include a formal action plan. Submitting an action plan with the resource plan is preferable to preparing separate budget documents because the action plan is more accessible to regulators and the public and allows for easier assessment of the consistency between the short-and long-term plans.
The action plan must be consistent with the long-term resource plan to assure that what is presented as appropriate for the long haul is actually implemented, and implemented in an efficient manner. If, for example, the long-term plan calls for acquisition of baseload power in ten years, the short-term plan should call for initial site selection, environmental assessment, and facility design. Alternatively, a short-term plan that included marketing programs to boost off-peak sales might be inconsistent with a longterm need for additional baseload power.
The action plan also should be specific and detailed. The reader should be able to judge the utility's commitment to different actions from this short-term plan. Specific tasks should be identified, along with organizational assignments, milestones, and budgets. The action plan should present the utility's expected accomplishments during the next one to three years, including the number of participants and the reductions in annual energy use, summer peak, and winter peak for each DSM program.
Such detail serves two purposes within the utility. First, preparing the action plan necessarily involves those departments that are responsible for implementation, thus encouraging the planners and operators to work closely. Thus, the action plan is more likely to be implementable than if it is developed by planners alone. Second, the detail provides a useful road map for its implementors.
The action plan can be used by PUCs to ensure that utility budgets and rate-case filings are consistent with the long-term resource plan. The action plan should also discuss the data and analysis activities, such as model development, data collection, and updated resource assessments, needed to prepare for the next integrated resource plan. The Bonneville (1989) plan presents its intentions to study alternative acquisition approaches (competitive bidding and utility-designed programs, in particular), preservation of two mothballed nuclear plants, and the need to reduce carbon emissions.
The action plan should include a progress report showing the utility's accomplishments in meeting the goals of its prior action plans. Puget Power (1989) included a table summarizing accomplishments from its 1987 action plan and a 50-page appendix on Action Plan Status. For each of the 18 action items, the appendix presented a description of the item from the 1987 plan, a discussion of activities in 1988 and 1989, findings, and conclusions. Both the utility and readers of the IRP report should recognize that not all the projects presented in the action plan will be completed as specified. As circumstances and opportunities change, the utility should respond accordingly. Thus, the action plan is the utility's plan as of a certain date. Because changes will occur in the utility's environment (e.g., local economic growth, fossil-fuel prices, or environmental regulations), the plan should indicate how, and under what circumstances, the utility will revise its action plan.
OUTCOMES FOR INTERESTED PARTIES
A final criterion by which a plan can be judged is the effect of its recommended actions on various groups. Because the interests of all stakeholders are not identical, the ways in which they will be affected by utility actions differ. Therefore, utilities should seek the advice of and inputs from different groups as they develop long-term resource plans. In addition, utilities should report results for their plans along enough dimensions so that different groups can assess the plan's effects on them.
Different interests implicitly weight different attributes of resource plans in different ways. These attributes include short-and long-term electricity prices and costs, shareholder earnings, power availability, pollution from electricity production, and other results of utility actions. For example, customers will be interested in electricity bills, utility shareholders in earnings, bondholders in interest coverage, and regulators in various outcomes, including emissions of pollutants. Northeast Utilities (1989), as part of its planning process, identified several "themes [that] are intended to reflect NU's interpretation of current public and corporate policy objectives, and are useful in helping decision makers compare alternative resource plans that emphasize different objectives." The company's themes include resource portfolios that emphasize energy efficiency in construction of new buildings, use of small-scale supply resources, and reductions in dependence on oil-fired generation.
Without two-way communication between the utility and its customers and interest groups, a plan is in danger of ignoring community needs (Wolfe 1988) . Accordingly, the plan should present evidence that the utility sought ideas and advice from its customers and other interested parties. For example, customers and public interest groups are likely to be interested primarily in DSM programs that emphasize energy efficiency, while utility interests might focus on programs that control peak loads. Energy experts from the state university, the state energy office, the PUC, environmental groups, and organizations representing industrial customers could be consulted as the plan is being developed. Utilities in New England are working closely with the Conservation Law Foundation to design, implement, and evaluate DSM programs (Ellis 1989) . Such public involvement might cause short-term delays for the utility, but is likely to serve long-range utility and societal interests.
Utilities in the Pacific Northwest, including Puget Power and Pacific Power & Light, invite customers to participate in plan development and review. The Bonneville Power Administration publishes the Journal, "a monthly newsletter for customers and interested publics," subtitled "What's New and How to Get Involved." And the Northwest Power Planning Council has an extensive public-involvement process, including a monthly newsletter Update, public comment on issue papers, and public hearings held throughout the four-state region.
Some utilities rely on outside experts to independently assess the utility's planning process and plan. For example, New England Electric has a Demand Side Advisory Board comprised of industrial customers, university professors, environmental groups, and utility management (Destribats 1989) .
The interests of the utility, its customers, and its regulators may not all be well met by a single plan. For example, actions taken to reduce utility risks, like purchasing power from other utilities, may assure short-term company profits and stable electricity prices but result in capacity shortages or higher prices in the long run. Thus, construction of some baseload capacity (although such plants have high capital costs and long construction times) may be prudent because of the low long-term operating costs such plants enjoy.
The acceptability to specific groups of impacts resulting from a given plan will be judged by the interested parties themselves. The plan must provide sufficient information so that different groups can assess the costs and benefits to them of the utility's plan. Wisconsin Electric (1989) presented results for three plans that differed in the company's DSM programs. For each plan, estimates were given of annual revenue requirements, total (utility plus customer) costs, electricity prices, sulfur dioxide emissions, nitrogen oxide emissions, particulate emissions, ash production, and capital requirements. These estimates should provide the information different groups need to assess roughly the benefits and costs of different resource-acquisition strategies. Thus, the economic and other criteria used to include specific resources must be clearly specified; the effects of these criteria on selection of individual resource options must also be stated.
It is unlikely that utility attention to the interests and concerns of different groups will eliminate controversy about utility actions. However, such attention will yield some areas of consensus (which should be presented in the planning report) and will more sharply define the areas where disagreements still exist.
CONCLUSIONS
Integrated-resource planning is a new and powerful way for utilities to provide desired energy services to their customers at reasonable cost. IRP includes a broad array of supply and demand resources, explicit treatment of uncertainty, environmental costs as well as direct economic costs, and public involvement. Because of these features, IRP is likely to yield a better mix of resources and fewer protracted controversies among the utility, its regulator, and the public than would traditional planning approaches.
The long-term resource plans filed by utilities with their public utility commissions represent key outputs from this IRP process. It is therefore important to develop criteria to use in preparing and assessing these plans. The guidelines discussed here focus on the analytical rather than prescriptive aspects of these long-term resource plans. These suggestions deal with the readability of the plan, the technical competence demonstrated in developing the plan, the specificity of the short-term action plan, and the extent to which the plan addresses concerns of different stakeholders.
